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Abstract. In this context, the molybdenum disulfide (MoS2) films were grown by spin coating 
technique and thermal vapour sulfurization (TVS) under the condition of different oxalic acid 
concentrations. Atomic force microscopy (AFM) surface topography shows the improved 
homogeneity and higher compactness of films with the increasing acid concentration. However, 
high concentration favoured the formation of larger grains and poor continuity of films. These 
observations were further proven by the particle size distribution profile. Apart from that, two 
distinct Raman phonon modes of the MoS2 can be detected in all the deposited films. In addition, 
molybdenum dioxide (MoO2) was detected at higher acid concentration due to the slower rate of 
diffusion of sulfur atoms during the surface sulfurization. From the direct analysis of frequency 
difference between in-plane (E2g1) and out-of-plane (A1g) phonon modes, it proves that 
multilayers of MoS2 films were synthesized. Ultraviolet-visible (UV-Vis) specular reflectance 
results also reveal that crystallite MoS2 films with the absorption peaks of 612 nm and 660 nm 
were detected. 
1. Introduction 
Research advances in two dimensional (2-D) graphene have triggered the research interest in other 2-D 
materials, such as boron nitride [1], black phosphorus [2], silicene [3], and semiconducting 2-D 
transition metal dichalcogenides (TMDs) [4]. There is a wide range of semiconducting 2-D TMDs where 
molybdenum disulfide (MoS2) certainly becomes the rising star among the family. The layered structure 
of MoS2 consists of an atomic plane of molybdenum (Mo) sandwiched between two planes of sulfur (S) 
atoms. With the analogous layered structure to graphene, the weakly bonded interlayer enable to be 
isolated into single or multi-layers of MoS2. In such the way, the energy bandgap experiences transition 
from indirect (bulk, ~1.2 eV) to direct (monolayer, ~1.8 eV) [4]. Hence, the semiconducting behaviour 
of MoS2 has significant advantages over the zero bandgap graphene which is potentially to be applied 
in optoelectronic and electronic switching devices.  
Major reports in the early research on the production of mono or multilayers of MoS2 were based 
mainly on exfoliations, either by mechanical or chemical technique [5, 6]. This approach was also 
extended with the implementation of electrochemical and surfactant-based solution [7, 8]. However, the 
resulting exfoliated MoS2 was structurally and electronically different from the bulk MoS2. Thus, the 
MoS2 experienced the conversion of the Mo atom molecular geometry from trigonal prismatic to 
octahedral, and change of electronic structure from semiconducting to metallic [9]. Besides, this method 
